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IN THE CLAIMS: 

Please cancel claims 20-25 and amend the claims as follows: 

1. (Previously Presented) A method for forming a stacked barrier layer on a 
substrate disposed in a processing chamber, comprising: 

serially exposing said substrate to first and second reactive gases to form an 
adhesion layer; and 

serially exposing said adhesion layer to third and fourth reactive gases to form a 
barrier layer adjacent to said adhesion layer. 

2. (Original) The method as recited in claim 1 further including depositing a layer 
of copper adjacent to said barrier layer. 

3. (Original) The method as recited in claim 1 further including repeating serially 
exposing said substrate to first and second reactive gases to form said adhesion layer 
to a desired thickness before serially exposing said adhesion layer to third and fourth 
reactive gases. 

4. (Original) The method as recited in claim 3 further including repeating serially 
exposing said substrate to third and fourth reactive gases to form said barrier layer to a 
desired thickness after serially exposing said substrate to first and second reactive 
gases. 

5. (Original) The method as recited in claim 1 further including providing first 
and second processing chambers wherein serially exposing said substrate to first and 
second reactive gases further includes serially exposing said substrate to said first and 
second reactive gases while said substrate is disposed in said first processing chamber 
and serially exposing said adhesion layer to third and fourth reactive gases further 
includes serially exposing said adhesion layer to third and fourth reactive gases while 
said substrate is positioned in said second processing chamber. 

6. (Original) The method as recited in claim 3 further including providing first 
and second processing chambers wherein serially exposing said substrate to first and 
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second reactive gases further includes serially exposing said substrate to said first and 
second reactive gases while said substrate is disposed in said first processing chamber 
and serially exposing said adhesion layer to third and fourth reactive gases further 
includes serially exposing said adhesion layer to third and fourth reactive gases while 
said substrate is positioned in said first processing channber and depositing a layer of 
copper adjacent to said barrier layer further includes depositing a copper layer adjacent 
to said barrier layer when said substrate is positioned in said second processing 
chamber. 

7. (Currently Amended) The method as recited in claim [[3]] 1 further including 
providing first, second and third processing chambers wherein serially exposing said 
substrate to first and second reactive gases further includes serially exposing said 
substrate to said first and second reactive gases while said substrate is disposed in said 
first processing chamber and serially exposing said adhesion layer to third and fourth 
reactive gases further includes serially exposing said adhesion layer to third and fourth 
reactive gases while said substrate is positioned in said first processing chamber and 
depositing a layer of copper adjacent to said barrier layer further includes depositing a 
copper layer adjacent to said barrier layer when said substrate Is positioned in said third 
processing chamber. 

8. (Original) The method as recited in claim 1 wherein serially exposing said 
substrate further includes introducing said second reactive gas into said processing 
chamber and further including purging said processing chamber of said second reactive 
yas before exposing said adhesicn layer to said third reactive gas. 

9. (Original) The method as recited in claim 1 wherein said first and third gases 
each includes a refractory metal compound, with the refractory metal compound 
associated with said first reactive gas differing from the refractory metal compound 
associated with said third reactive gas. 

10. (Currently Amended) The method as recited in claim 1 wherein said first 
reactive gas is selected from the group consisting oss o nt i a ll y of TDMAT, TDEAT and 
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TiCU and said second reactive gas is selected from the group consisting e ss e nt i a ll y of 
H2, B2H6, SiH4 and NH3. 

11. (Currently Amended) The method as recited in claim 1 wherein said third 
reactive gas is WFe and said fourth reactive gas is selected from the group consisting 
e ss e nt i a ll y of SiH4, B2H6 and NH3. 

12. (Currently Amended) The method as recited in claim 1 further comprising 
wh e r ei n s e r i a ll y e xpos i ng sa i d substrat e furth e r i nc l ud e s s e r i a ll y i ntroduc i ng sa i d f i rst 
r e act i v e gas and sa i d s e cond react i v e gas i nto sa i d process i ng chamber, and purging 
said processing chamber of said first reactive gas before introducing said second 
reactive gas by introducing a purge gas into said processing chamber after exposing 
said substrate to said first reactive gas and before exposing said substrate to said 
second reactive gas. 

13. (Currently Amended) The method as recited in claim 1 further comprising 
whoro i n s e r i a ll y expos i ng sa i d substrate furth e r i nc l ud e s s e r i a ll y i ntroduc i ng sa i d f i rst 
r ea ct i v e gas and s ai d s e cond roact i vo gas i nto s ai d process i ng ch a mb e r, a nd purging 
said processing chamber of said first reactive gas before introducing said second 
reactive gas by pumping said processing chamber clear of said first reactive gas before 
introducing said second reactive gas. 

14. (Currently Amended) The method as recited in claim 1 further comprising 
wh e r ei n s e r i a ll y e xpos i ng sa i d adh e s i on l ay e r furth e r i nc l ud e s s e r i a ll y i ntroduc i ng sa i d 
th i rd and fourth r ea ct i v e gas e s i nto said proc e sa i ny ciiurnb e r, and purging said 
processing chamber of said third reactive gas before introducing said fourth reactive 
gas by introducing a purge gas into said processing chamber after exposing said 
substrate to said third reactive gas and before exposing said substrate to said fourth 
reactive gas. 

15. (Currently Amended) The method as recited in claim 1 further comprising 
whoro i n s e r i a ll y e xpos i ng sa i d adh e s i on l ay e r furth e r i nc l ud e s s e r i a ll y i ntroduc i ng sa i d 
th i rd and fourth r e act i v e gas e s i nto sa i d proc e ss i ng chamb e r, and purging said 
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processing chamber of said third reactive gas before introducing said fourth reactive 
gas by pumping said processing chamber clear of said third reactive gas before 
introducing said fourth reactive gas. 

16. (Original) A method for forming a stacked barrier layer on a substrate 
disposed in a processing chamber, said method comprising: 

serially exposing said substrate to first and second reactive gases to form an 
adhesion layer by introducing said first reactive gas into said processing chamber and 
removing said first reactive gas from said processing chamber before introducing said 
second reactive gas; 

repeating serially exposing said substrate to first and second reactive gases to 
form said adhesion layer to a desired thickness; 

serially exposing said adhesion layer to third and fourth reactive gases to form a 
barrier layer adjacent to said adhesion layer by introducing said third reactive gas into 
said processing chamber and clearing said third reactive gas from said processing 
chamber before introducing said fourth reactive gas; 

repeating serially exposing said substrate to third and fourth reactive gases to 
form said barrier layer to an acceptable thickness; 

purging said processing chamber of said first and second reactive gases before 
introducing either of said third and fourth reactive gases; and 

depositing a layer of copper adjacent to said barrier layer. 

17. (Currently Amended) The method as recited in claim 16 wherein said first 



TiCU, said second reactive gas b ei ng is selected from the group consisting e ss e nt iall y 
of H2, B2H6, SiH4 and NH3, said third reactive gas b ei ng is WFe, and said fourth reactive 
gas b ei ng is selected from the group consisting e ss e nt i a ll y of SiH4, B2H6 and NH3. 



wh o ro i n ser i a ll y expos i ng sa i d substrate to f i rst and s e cond r e act i v e gasoG further 
i nc l ud e s removing said first reactive gas from said processing chamber before 
introducing said second reactive gas by introducing an inert gas into said processing 




18. 



(Currently Amended) 



The method as recited in claim 16 further comprising 
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chamber, and s e r i a ll y e xpos i ng sa i d adh e s i on l ay e r to th i rd and fourth r e act i v e gas e s 
furth e r i nc l ud e s clearing said third reactive gas from said processing chamber before 
introducing said fourth reactive gas by introducing an expulsion gas into said processing 
chamber , a nd purg i ng sa i d proc e ss i ng chamb e r of sa i d f i rst and s e cond r e act i vo gasos 
furth e r i nc l ud e s purg i ng s ai d proc e ss i ng c h amb e r by i ntroduc i ng a purg e gas i nto sa i d 
proc e ss i ng chamb e r . 

19. (Currently Amended) The method as recited in claim 16 further comprising 
wh e r ei n s e r i a ll y e xpos i ng sa i d substrat e to f i rst a nd socond r o act i v o gases furth e r 
i nc l ud e s removing said first reactive gas from said processing chamber before 
introducing said second reactive gas by pumping said processing chamber clear of said 
first reactive gas, and sor i a ll y expos i ng sa i d adhes i on l ayer to th i rd and fourth roact i vo 
g a s e s furth e r i nc l ud e s clearing said third reactive gas from said processing chamber by 
pumping said processing chamber clear of said third reactive gas , and purg i ng sa i d 
process i ng chamber of sa i d f i rst and s e cond roact i vo gasos furth e r i nc l ud e s pump i ng 
sa i d proc e ss i ng chamber cl ea r of a ll gas o s prosont thoro i n . 

20. (Cancelled) A processing system for forming a stacked barrier layer on a 
substrate in a processing chamber, said system comprising: 

means, coupled to said processing chamber, for serially exposing said substrate 
to first and second reactive gases to form an adhesion layer, by introducing said first 
reactive gas into said processing chamber and removing said first reactive gas from 
said processing chamber before introducing said second reactive gas; 

mfians r:nunlRd to said nronftssinn chamber for rpn^atinn RRriallv fiyno.sinn .said 
substrate to first and second reactive gases to form said adhesion layer to a desired 
thickness; 

means, coupled to said processing chamber, for serially exposing said adhesion 
layer to third and fourth reactive gases to form a barrier layer adjacent to said adhesion 
layer by introducing said third reactive gas into said processing chamber and clearing 
said third reactive gas from said processing chamber before introducing said fourth 
reactive gas; 
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means, coupled to said processing chamber, for repeating serially exposing said 
substrate to third and fourth reactive gases to form said adhesion layer to a desired 
thickness before serially exposing said adhesion layer to third and fourth reactive gases; 

means, coupled to said processing chamber, for purging said processing 
chamber of said first and second reactive gases before introducing either of said third 
and fourth reactive gases; and 

means, coupled to said processing chamber, for depositing a layer of copper 
adjacent to said barrier layer. 

21. (Cancelled) A processing system for forming a stacked barrier layer on a 
substrate, said system comprising: 

a body defining a processing chamber; 

a holder disposed within said processing chamber to support said substrate; 

a gas delivery system in fluid communication with said processing chamber; 
a first temperature control system in thermal communication with said processing 
chamber; 

a pressure control system in fluid communication with said processing chamber; 

a controller in electrical communication with said gas delivery system, said 
temperature control system, and said pressure control system; and 

a memory in data communication with said controller, said memory comprising a 
computer-readable medium having a computer-readable program embodied therein, 
said computer-readable program including a first set of instructions for controlling said 
delivery system to serially exposing said substrate to first and second reactive 
gases to form an adhesion layer on said substrate, and a second set of instructions to 
control said gas delivery system to serially expose said adhesion layer to third and 
fourth reactive gases to form a barrier layer adjacent to said adhesion layer. 

22. (Cancelled) The system as recited in claim 21 wherein said computer-readable 
program includes a third set of instructions to control said gas delivery system to 
remove said first reactive gas from said processing chamber before introducing said 
second reactive gas by Introducing an inert gas into said processing chamber, and a 

Page 8 

211284_1 



PATENT 

Atty. DM. No. APPM/5351/CPI/L/B/PJS 



fourth set of instructions to control said gas delivery system to clear said third reactive 
gas from said processing chamber before introducing said fourth reactive gas by 
introducing an expulsion gas into said processing chamber, and a fifth set of instructions 
to control said gas delivery system to purge said processing chamber of said first and 
second reactive gases before introducing said third and fourth reactive gases by 
introducing a purge gas into said processing chamber. 

23. (Cancelled) The system as recited in claim 21 wherein said computer-readable 
program includes a third set of instructions to control said pressure control system to 
remove said first reactive gas from said processing chamber before introducing said 
second reactive gas by pumping said processing chamber clear of said first reactive 
gas, a fourth set of instructions to control said pressure control system to and clear said 
third reactive gas from said processing chamber before introducing said fourth reactive 
gas by pumping said processing chamber clear of said third reactive gas, and a fifth set 
of instructions to control said pressure control system to purge said processing chamber 
of said first and second reactive gases before introducing said third and fourth reactive 
gases by pumping said processing chamber clear of said first and second reactive 
gases. 

24. (Cancelled) The system as recited in claim 23 wherein serially exposing said 
substrate includes serially exposing said substrate to first and second reactive gases to 
form a titanium-containing adhesion layer, and serially exposing said adhesion layer to 
third and fourth reactive gases to form a tungsten-containing barrier layer adjacent to 
said titanium-containing adhesion layer. 

25. (Cancelled) The system as recited in claim 23 wherein said first reactive gas is 
selected from the group consisting essentially of TDMAT, TDEAT and TiCU, said 
second reactive gas is selected from the group consisting essentially of H2, B2H6 and 
SiH4, said third reactive gas is WFe, and said fourth reactive gas is selected from the 
group consisting essentially of SiH4, B2H6 and NH3. 
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26. (Withdrawn) A method for forming a m e ta l contact stacked barrier layer on a 
substrate surface, comprising: 

exposing the substrate surface to a first reactive gas; 
exposing the substrate surface to a second reactive gas; 

sequentially repeating the exposure to the first and second reactive gases until 
an adhesion layer having a desired thickness is formed; 

exposing the substrate surface to a third reactive gas; 

exposing the substrate surface to a fourth reactive gas; and then 

sequentially repeating the exposure to the third and fourth reactive gases until a 
barrier layer having a desired thickness is formed over the adhesion layer. 

27. (Withdrawn) The method of claim 26, wherein the first reactive gas 
comprises a refractory metal-containing compound. 

28. (Withdrawn) The method of claim 27, wherein the refractory metal- 
containing compound comprises TDMAT, TDEAT, TiCU, or combinations thereof. 

28. (Withdrawn) The method of claim 27, wherein the second precursor 
gas comprises a reducing compound. 

29. (Withdrawn) The method of claim 28, wherein the reducing 
compound comprises H2, B2H6, SiH4, NH3, or combinations thereof. 

30. (Withdrawn) The method of claim 27, wherein the third precursor 
gas comprises a refractory metal-containing compound. 

31. (Withdrawn) The method of claim 30, wherein the refractory metal- 
containing compound comprises tungsten. 

32. (Withdrawn) The method of claim 27, wherein the fourth comprises a 
reducing compound. 
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33. (Withdrawn) The method of claim 32, wherein the reducing compound 
comprises SiH4, B2H6, NH3, or combinations thereof. 

34. (Withdrawn) The method of claim 26, further comprising depositing copper at 
least partially over the barrier layer. 

35. (Withdrawn) The method of claim 26, wherein the adhesion layer is deposited 
within a first processing chamber. 

36. (Withdrawn) The method of claim 35, wherein the barrier layer is deposited 
within a second processing chamber. 

37. (Withdrawn) The method of claim 36, wherein the copper is deposited in a third 
processing chamber. 

38. (Withdrawn) The method of claim 37, wherein the first, second and third 
processing chambers are each disposed about a common mainframe. 

39. (Withdrawn) The method of claim 35, wherein the adhesion layer and the barrier 
layer are both deposited in the first chamber. 

40 (Withdrawn) A method for depositing a barrier layer on a substrate surface, 
comprising: 

sequentially exposing the substrate surface to a first refractory metal-containing 
compound and a first reducing compound; and 

sequentially exposing the substrate surface to a second refractory metal- 
containing compound and a second reducing compound to form the barrier layer. 

41. (Withdrawn) The method of claim 40, wherein the first refractory metal- 
containing compound comprises TDMAT, TDEAT, TiCU, or combinations thereof. 
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42. (Withdrawn) The method of claim 40, wherein the second refractory metal- 
containing compound comprises tungsten. 

43. (Withdrawn) The method of claim 40, wherein the first and second reducing 
compounds is selected from a group consisting of SiH4, B2H6, NH3, and combinations 
thereof. 

44. (Withdrawn) The method of claim 40, wherein the barrier layer comprises 
titanium, titanium nitride, tungsten, tungsten nitride, or combinations thereof. 

45. (Withdrawn) The method of claim 40, wherein the adhesion layer is deposited 
within a first processing chamber and the barrier layer is deposited within a second 
processing chamber. 

46. (Withdrawn) The method of claim 40, further comprising depositing copper at 
least partially over the barrier layer. 

47. (Withdrawn) The method of claim 46, wherein the adhesion layer is deposited 
within a first processing chamber and the barrier layer is deposited within a second 
processing chamber. 

48. (WithHr^^wn) The method of claim 47, wherein the copper is deposited in a third 
processing chamber and the first, second and third processing chambers are each 
disposed about a common mainframe. 

49. (Withdrawn) The method of claim 47, wherein the adhesion layer and the barrier 
layer are both deposited in the first chamber. 

50. (Withdrawn) A method for forming a metal contact on a substrate surface, 
comprising: 
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sequentially exposing the substrate surface to a titanium-containing compound 
and a nitrogen-containing compound to form an adhesion layer comprising titanium 
nitride; 

sequentially exposing the substrate surface to a tungsten-containing compound 
and a reducing compound to form a barrier layer comprising tungsten; and 

depositing copper at least partially over the barrier layer to form the metal 
contact. 

51. (Withdrawn) The method of claim 50, wherein the tungsten-containing 
compound comprises TDMAT, TDEAT, TiCU, or combinations thereof. 

52. (Withdrawn) The method of claim 50, wherein the reducing compound is 
selected from a group consisting of SiH4, B2H6, NH3, and combinations thereof. 

53. (Withdrawn) The method of claim 50, wherein the adhesion layer is deposited 
within a first processing chamber and the barrier layer is deposited within a second 
processing chamber. 

54. (Withdrawn) The method of claim 53, wherein the copper is deposited in a third 
processing chamber and the first, second and third processing chambers are each 
disposed about a common mainframe. 



Page 13 

2112841 



